. The magnitude of the contraction sensitive and insensitive dyes, spontaneous calcium was small (0.05-0.1 m), at the limit of optical resolution transients were associated with a rapid contraction (Stelzer, 2000), and so we resorted to measuring of the spine head. The spine twitch was prolonged changes in regions of interest (ROI) comprising the edge by tetraethylammonium or bicuculline, which enhance of the spine, rather than a direct measurement of axial calcium transients, and was blocked by the actin polymovement of the spine edge. This spine-edge fluoresmerization antagonist latrunculin-B. The spine twitch cence was quantified using an automated thresholding may be instrumental in modulating reactivity of the procedure of the spine/dendrite image, and measuring NMDA receptor to afferent stimulation, following the intensity of the image brightness. A transient dip in back-propagating action potentials.
neurons. These events ranged from a fraction of a seccrease in fluorescence during the calcium event ( Figure  2D ). No consistent changes in Cn fluorescence were ond (200-300 ms) to over one second in duration, to reach a complete recovery of spine/dendrite fluoresseen at the edges of the parent dendrite in any case studied (see also Figure 1C ). These observations indicence ( Figure 2A ). The frequencies of the calcium transients varied among cells, and were dependent on the cate that the spine shrinks momentarily during the calcium transient, in a manner that is unique to the spine, age of the culture. In most cases, the same calcium transient could be recorded simultaneously in the parent and not shared by the dendrite, and that it returns to its original shape at the end of the calcium event. dendrite and in the spine, with occasional exceptions, where such events could be recorded only in one comThe change in Cn fluorescence could reflect random fluctuations of fluorescence typical of a vibrating edge partment. In both spines and dendrites, the calcium transient had about the same fast rise-time (less than or an unstable light source. To examine the possibility that the detected changes in spine shape are not a 100 ms to peak) and duration (see later).
Images of spine/dendrite morphology were taken in random event, and are in fact temporally correlated with changes in [Ca 2ϩ ] i , all the points of observations were cells stained with the calcium-insensitive dye, calcein (Cn), before, during and after calcium transients. In 38 averaged, and a line comprising two standard deviations from the mean was drawn ( Figure 1C2 and Figure 2E ). spine/dendrite segments, a total of 141 events were analyzed in control conditions. Cn fluorescence in the In about 80% of the cases analyzed, the negative peak of Cn fluorescence was significantly below the two stancenter of the dendritic spine where calcium changes measured with calcium orange (CO) were maximal did dard deviation line. On average, during a calcium transient, the CO signal in the spine, dendrite or edge of the not change during the calcium event. On the other hand, Cn fluorescence recorded at the distal edge of the spine spine went up above baseline by 27.5% Ϯ 4%, 21.6% Ϯ 2% and 21.5% Ϯ 3%, respectively (n ϭ 38 spines) expressed a transient reduction, as seen before. In the same ROI, there was a simultaneous rise in CO signal, ( Figure 2F ). In the same sample of spines, Cn fluorescence in the spine head did not change (Ϫ0.2%), but indicating that this ROI does sample the spine edge and not just a region outside the spine (Figures 2C and 2E) .
Cn fluorescence in the spine edge went down significantly (p Ͻ 0.001) by 15.4% Ϯ 1%. No similar deviations The reduction in Cn fluorescence was, in general, specific to the leading edge of the spine head. When the were seen at random, i.e., not correlated with the calcium event, and there were no significant deflections in proximal edge of the spine head, closest to the parent dendrite, was analyzed, it demonstrated a slight inthe positive direction ( Figures 2D and 2E) . Moreover, when two adjacent spines were imaged simultaneously analysis of spine contractions were routinely conducted with spines that were touched by an FM4-64 labeled (in 39 dendrites), and in cases where the calcium transient was seen in only one of them (e.g., Figure 3 , eleven terminal. An attempt was then made to vary the calcium trancases), the twitch was unique to this spine only.
The spine twitches may constitute a short section of sient and study changes in twitch parameters. The potassium channel blocker tetraethylammonium (TEA, at larger and slower movements typical of spines described elsewhere (Fischer et al., 1998). We imaged 10 mM) caused a significant increase in amplitude of calcium transients (from 14.7% Ϯ 1.5% to 21% Ϯ 3% spontaneous motility in an independent sample of 198 spines. Following an imaging session of 1-2 min, we change in fluorescence, p ϭ 0.037) and was used in 33 spine/dendrite segments (42 recordings). On average, labeled active presynaptic terminals with the FM4-64 dye (e.g., Figure 2B blocked (n ϭ 11, p Ͻ 0.01), with no parallel change in out of focus, due to a mechanical change in the plane of the parameters of the calcium transients in the dendritic focus, an experimenter's bias, as well as an unexplained spines ( Figure 7B3) . interaction between the two dyes used for the imaging protocol. Our experiments ruled out these possible artifacts. For one, the fact that in the presence of latrunculin Discussion the calcium transients were maintained but the spine did not twitch indicates that there is no interaction The present results demonstrate that dendritic spines between the two dyes. Likewise, the spines did not are capable of producing a fast contraction in relation twitch in presence of cobalt ions, indicating their depento a transient increase in free intraspine calcium concendence on an influx of calcium. Also, the objective meatration. This twitch is transient, lasting several hundreds surement of spine edge is sensitive to small movements, of milliseconds, up to 2 s in duration, when the spine but not to observer's bias, because the whole series of returns to its original size. A systematic assessment of images are analyzed simultaneously and automatically. this change was made using a region of interest comThe observed twitch is not caused by dye bleaching or prising the edge of the spine (e.g., Figures 1 and 2) . At by a unique interaction between two dyes, as it was such an edge, even minor changes in the size of a spine observed also with one dye only. In that context, the head could be detected, because subthreshold moveincrease in CO signal in the same ROI showing a dements are summed over the length of the head to procrease in Cn signal may result from a local change in duce a significant change. The speed at which the [Ca 2ϩ ] i , or partly from a spread of fluorescence from the change is made indicates that it may cause an increase adjacent center of the spine, but even so, it does not in intraspine pressure, which will affect NMDA receptor affect Cn fluorescence, which does not change in the functions (Paoletti and Ascher, 1994, see later).
center of the spine, and is reduced only at the edge. Several possible artifacts can contribute to this apparAlso, the apparent reduction in Cn fluorescence, interent twitch of the spine head, including a momentary bleaching of the calcein dye, a movement of the spine preted to represent a spine twitch, was seen with GFP-filled cells. The latter group is unique in that GFP fluores-CNS neurons has been documented (Paoletti and cence is high, requiring lower laser light, and it describes Ascher, 1994), and this mechanomodulation may be acdetails of the cell in a steady state, i.e., unlike the case tivated in the spine to modify reactivity to afferent stimuof a dye-filled cell. Another strong evidence against a lation. The fast twitching will result in an increase in possible artifact is the directionality of the movement, intraspine pressure, which will act to reduce reactivity seen with the distal but not proximal end of the spine of the NMDA receptor. Consequently, the calcium rehead. If anything, the proximal end of the spine showed sponse to afferent stimulation will be reduced following an increase in fluorescence during the twitch, indicating a backpropagating action potential as seen before that the twitch may be in the proximal direction. (Yuste et al., 1999) . The twitch may thus be a unique Actin filaments have been associated with several modulator of a spine synapse relative to a shaft synapse. types of spine movements including a slow, growthIndeed, upon blockade of actin polymerization with larelated movement, which is typical of the young spine/ trunculin, the immediate response of the spine involves filopodium, before it makes a functional synapse with an arrest of the twitch. Only 15-30 min later, when an afferent terminal. This movement is regulated by vari-F-actin begins to deteriorate significantly for lack of onations in calcium concentration, afferent activity and going polymerization, and the staining with phalloidin is probably a host of factors related to growth and synapse markedly reduced, the spine changes shape ( 
